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Abstract Objective Using optical imaging in brainstem slices, we studied evoked responses in the mouse cochlear
（CN）and vestibular（VN）nuclei. Methods The use of optical imaging allowed us to visualize the spatiotemporal
patterns of excitatory propagation in the CN and VN. Optical recordings can differentiate excitatory propagation in
the ventral CN（VCN）from that in the dorsal CN（DCN）. Furthermore, we assessed the relative distribution of NMDA
and non-NMDA receptors in these regions using the glutamate antagonists APV (NMDA receptor antagonist) and
CNQX（non-NMDA receptor antagonist）in mouse brainstem slices during postnatal days 1 to 3. Results The aver⁃
age sensitivity to APV was 99.1% in the VCN, 76.0% in the DCN and 64.9% in the VN. The average sensitivity to
CNQX was 0.9% in the VCN, 24.0% in the DCN and 35.1% in the VN. These results indicate that the effect of APV
dominated in the VCN, while both APV and CNQX were effective antagonists in the DCN and VN. In the VN, the dis⁃
tribution of APV- and CNQX-sensitive cells was almost completely uniform. However, in the DCN the distribution
of APV- and CNQX-sensitive cells was highly complex. The area that was more sensitive to CNQX was located in
the superficial layer of the DCN while the area with a higher sensitivity to APV was located progressively in the deep
layer. Conclusion This optical recording data suggests that there is a differential distribution of NMDA and
non-NMDA receptor mediated neurotransmission in the VCN, DCN and VN.
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Introduction
The vestibulocochlear nerve has two components, the
radix vestibularis and radix cochlearis. The vestibular
nerve receives input from the vestibular end organ and
projects to the vestibular nucleus（VN）, and the auditory
nerve transfers information from the auditory end organ
to the cochlear nucleus（CN）. Glutamate receptors
（GluRs）mediate most of the excitatory neurotransmis⁃
sion in the mammalian central nervous system（CNS）.
This is also true of excitatory transmission in the CN［1-4］
and VN ［5-7］. GluRs have been differentiated based on
the findings of pharmacological, electrophysiological
and biochemical studies. Ionotropic glutamate receptors
are subdivided into N-methyl-D-aspartate
(NMDA), -α-amino-3-hydroxy-5-methyl-4-isoazole⁃
propionate(AMPA) and kainate receptors according to
their selective agonists. The latter two are referred to as
non-NMDA receptors. There is considerable evidence
that both NMDA and non-NMDA receptors mediate the
excitatory neurotransmission in the CN ［2, 3, 8, 9］ and
VN ［5, 10-12］. These single-neuron studies employed extra⁃
cellular and intracellular microelectrodes as well as
patch clamping. Whilst glutamate receptors exist in the
CN and VN, the distribution of NMDA and non-NMDA
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receptors in the CN and VN is less clear. Understand⁃
ing the spatiotemporal features of the information pro⁃
cessing in complex neural structures requires the moni⁃
toring and analysis of the activity in various neuronal
populations.
Multiple-site optical recording methods allow one to
observe the spatiotemporal neuronal activity of various
preparations in the CNS［13-15］. Optical methods using
voltage-sensitive dyes offer two advantages over conven⁃
tional electrophysiological techniques. Firstly, multiple
sites of a preparation can be monitored simultaneously.
Secondly, optical recordings can be made from very
small cells in early developing nervous systems at the
embryonic or newborn stage, both of which are inaccessi⁃
ble to microelectrode impalement and/or patch-clamp
application［13, 16-18］. Our previous study established the
feasibility of using optical recordings to view the synap⁃
tic transmission of afferent input in the VN and CN in
the newborn mouse brainstem［19］. In the current study we
examined the effects of glutamate receptor antagonists
on synaptic transmission in the CN and VN in newborn
mice. Furthermore, we used optical recording to reveal
the distribution of the active NMDA and/or non-NMDA
receptors in the CN and VN in newborn mice.
１ Materials and methods
Slice preparation
ICR／ICR mice between 1 and 3 days old（P1-3,
weight 1.5-3 g）were used in this study. The animals
were sacrificed after being cryo-anesthetized at -20℃
freezer for 3-6 minutes. The whole brain was removed
and placed in ice-cold artificial cerebrospinal fluid（AC⁃
SF; composition in mM: NaCl 124; KCl 5; KH2PO4 1.2;
MgSO4 1.3; CaCl2 2.4; NaHCO3 26.0; D-glucose 10.0）.
The solution was bubbled with 5% CO2／95% O2 to
achieve a pH = 7.4. We isolated the brainstem from the
inferior colliculi to the obex, and the temporal bone was
carefully dissected to preserve the root of the vestibulo⁃
cochlear nerve（the eighth cranial nerve, nⅧ）. Slices
were made with the nⅧ fibers still attached by section⁃
ing the brainstem transversely at the level of the root of
the nⅧ（Fig. 1A, B）. The thickness of each slice was
about 1 mm. The slices were then transferred to a record⁃
ing chamber and fixed to the silicone bottom of the
Fig.1 (A) Image of a newborn mouse brainstem connected with the cochlea.（B）Photograph of a brainstem slice with the right
nVIII attached, stained by RH155.（C）The chemical structure of voltage-sensitive dyes RH155 and RH482.（D）The schematic
diagram of the optical recording system.
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chamber by pinning them with tungsten wire. All slices
were incubated with ACSF at 33℃ for 1 hour prior to re⁃
cording. A total of seventy-five slices was used.
Voltage-sensitive dye staining
The isolated slice preparations were stained for 30
min at 33℃ with a solution（0.2 mg/ml in ACSF）con⁃
taining a voltage-sensitive dye. We used RH 155, a pyr⁃
azol-oxonol potentiometric probe（NK3041, Nippon
Kankoh-Shikiso Kenkyusho, Okayama, Japan）. RH482
（NK3630, 0.4 mg/ml in ACSF for 30 min）, a pyr⁃
azol-oxonol potentiometric probe comparable to RH155,
was used in a few cases（n=4）. For most of the optical
recordings, we used RH155 in our experiments because
it gave a larger signal size. The chemical structures of
both dyes used in our study are depicted in Fig. 1B.
The dye was washed away with a dye-free ACSF solu⁃
tion before recordings were made.
Electrical stimulation
To stimulate the vestibulocochlear nerve, a tungsten
electrode（A-M systems, Inc., USA）was placed at the
cut end of the nVIII. In order to evoke large enough sig⁃
nals to enable analysis of neuronal activity, the stimulus
intensity was in the range of 1-5 mA. The positive
square current pulse was 1-5 ms in duration at a fre⁃
quency of 0.1 Hz.
Optical recording
The apparatus used for the multiple site optical record⁃
ings is depicted in Fig. 1D. The recording chamber was
mounted onto the stage of a microscope （TMD-3,
Nikon, Tokyo, Japan）. Light from a tungsten-halogen
lamp（100 W）was collimated, rendered quasimonochro⁃
matic with an interference filter（702 nm or 607.5 nm,
Asahi Spectra Co., Tokyo, Japan）, and focused by
means of a bright-field condenser onto the brainstem
slice with a ×40 magnification. We used a 16 × 16 ele⁃
ment silicon photodiode array to measure the optical sig⁃
nals, such that signals were detected from 256 elements
simultaneously. Each element of the array detects the
light intensity transmitted by a square region（0.1 × 0.1
mm）of the recording slice. The optical signals were
stored in a computer and analyzed using ARGUS-50／
PDA application software（Hamamastu Photonics K. K.,
Hamamatsu, Japan). The frame rate of this system was
0.5 ms, and a total of 496 samples with 2 integrations（i.
e., total recording time was 49 ms）were recorded in
frame memory. The stored data consisted of 16 bits per
data point, and thus the optical signals were measured at
a very high resolution（1:65536）. The times for the onset
and the peak response were detected by eye as the
changing point of the amplitude of the fast signal and
the point of the largest amplitude of a spike respectively.
The optical measurements were performed at room tem⁃
perature（23-26 ℃）in a still chamber without continu⁃
ous ACSF perfusion. The recordings were made with an
average of 16 sweeps. To minimize light exposure, the in⁃
cident light was turned off and a shutter blocked the
light during the interval of the sweeps.
Optical signals were expressed as the relative absorp⁃
tion changes（△I/I）, where I is the light intensity of the
stained slice during illumination before stimulation and
△ I is the change in light intensity during the evoked
neuronal activity. With a 702 nm interference filter an
increase in dye absorption corresponds to membrane de⁃
polarization.
Drug application
We observed the effects of glutamate antagonists in
the CN and VN. These included DL-2-amino-5-phos⁃
phono-valeric acid（APV: NMDA receptor antagonist）
and 6-cyano-7-nitroquinnoxaline-2, 3-dione（CNQX:
non-NMDA receptor antagonist）. We applied APV
（100 μM, Sigma, USA）followed by APV（100 μM）+
CNQX（10 μM, Tocris, UK）to 10 slices. The concentra⁃
tion-effect of APV（from 25 to 200 μM） and CNQX
（from 5 to 20 μM）were conducted preliminary. We
chose APV（100 μM）and CNQX（10 μM）that were
the minimal concentration to have saturated effects. All
drugs were washed away with ACSF solution. After the
bath application of the drugs, slices were washed with
ACSF for 20-30 min.
2 Results
Optical signals
After the cut end of the nⅧ was stimulated, the opti⁃
cal response was observed in the CN near the root of the
nⅧ, and in the VN just below the floor of the fourth ven⁃
tricle（Fig. 2, n=58）. The positions of the stimulation
electrodes and recording areas（1.6×1.6 mm）are depict⁃
ed in the photograph of the brainstem slice（Fig. 2A）.
Figure 1B shows the typical time course of optical sig⁃
nals from the CN and VN and the dynamic display of op⁃
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tical signals in all 256 elements using a 702 nm filter.
To test whether or not optical signals originated from
dye-absorption related to changes in membrane poten⁃
tial, the responses were observed using both a 702 nm
and a 607 nm interference filter. Responses obtained
with the 702 nm filter showed an increase in light ab⁃
sorption, while those obtained using the 607 nm filter
showed a decrease in light absorption. The former re⁃
sponses were always stronger than the latter. These ob⁃
servations were consistent in all our present data and in
accordance with the absorption properties of the dye RH
155. These results confirmed that the optical response
originated from RH 155, rather than from intrinsic or
other sources ［19］. Moreover, responses also were ob⁃
served in newborn mouse brainstem slices stained by
RH482. The optical signal size from RH482 was slightly
smaller than that from RH155. No detectable optical sig⁃
nal change was observed in unstained slices, which fur⁃
ther indicates that the optical absorption does not origi⁃
nate from an intrinsic source.
Excitatory propagation in the CN and VN
Fig. 2C and 2D illustrate the spatiotemporal patterns
of excitatory propagation in response to vestibulocochle⁃
ar nerve stimulation. After stimulation of the cut end of
the nⅧ, excitation was observed in both the CN and VN
（Fig. 2C, n = 58, out of 75 slices）. As the primary audi⁃
tory nucleus, the CN is divided into the ventral cochlear
nucleus（VCN） and dorsal cochlear nucleus（DCN）,
which have different structures and functions. Optical re⁃
cording can also differentiate excitatory propagation in
the VCN and DCN（Fig. 2D, n = 17, out of 75 slices）.
The synaptic delay of excitatory propagation was ob⁃
Fig.2 The characteristics of the optical signals.（A）A photograph of a mouse brainstem slice superimposed with the schemat⁃
ic drawing of the position of the electrodes and the relative imaging areas. CN, cochlear nucleus; VN, vestibular nucleus; 4V,
4th ventricle; nVIII, the eighth cranial nerve.（B）The dynamic display of optical signals in all 256 elements using a 702 nm fil⁃
ter. The optical responses were observed in both CN and VN after stimulation of the cut end of right nVIII.（C）The propaga⁃
tion of the optical response was observed in both the CN and VN in a P2 mouse brainstem slice preparation after the stimulation
of the cut end of the right nVIII. (D) The excitatory propagation in the VCN and the DCN in a P1 newborn mouse brainstem slice
can be differentiated by optical mapping. Numerals above（C）or beneath（D）the images give the time after stimulus onset.
The color bar indicates the relative ratio（ I／I）of optical absorption change. I/I was 0.2% for（C）and 0.15% for（D）. VCN,
ventral cochlear nucleus; DCN, dorsal cochlear nucleus; VN, vestibular nucleus.
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Fig.3 Synaptic delay of excitatory propagation evoked by the
electrical stimulation of the vestibulocochlear nerve in the ven⁃
tral cochlear nucleus（VCN）, dorsal cochlear nucleus（DCN）
and vestibular nucleus（VN）.
Fig. 4 Effects of APV（NMDA receptor antagonist）and CNQX
（non-NMDA receptor antagonists）in the VCN, DCN and VN
were monitored simultaneously. In the right column, the upper
picture shows a photograph of a mouse brainstem slice superim⁃
posed with a schematic drawing of the relative imaging areas
and the position of the anatomical locations of CN and VN. The
color images in the middle and the bottom represent the optical
response areas in the VCN, DCN and VN from two different slic⁃
es. In the left column, the optical responses in different sites
from VCN（A）, DCN（B）and VN（C）are illustrated.
served in both the CN and VN. To calculate the latency
of excitatory propagation, response elements in the
VCN, DCN and VN were selected in five preparations.
The data were analyzed using Student’s t test. Stimula⁃
tion elicited excitatory propagation in the VCN with on⁃
set and peak latencies of 3.57 ± 0.86 and 7.70 ± 1.86 ms
（mean ± S.D., n = 58 elements）, respectively. Onset and
peak latencies were 4.33 ± 1.26 and 9.84 ± 1.66 ms
（mean ± S.D., n = 83 elements）in the DCN. The onset
and peak latencies in the VN were 6.63 ± 1.57 and
12.92 ± 1.13 ms（mean ± S.D., n = 72 elements）. Fig. 2
shows the shorter onset latency and peak latency in the
VCN as compared to those in the DCN（P < 0.01）. The
onset latency and peak latency of the VN were longer
than those in both the VCN and DCN（P< 0.01）Fig.３.
Effect of glutamate receptor antagonists
After bath-application of the glutamate receptor an⁃
tagonists APV（NMDA receptor antagonist）and CNQX
（non-NMDA receptor antagonist), optical responses in
the CN and VN from newborn mouse brainstem slices
were recorded. The results were highly complex, indicat⁃
ing that the effects could not stem from a single site in
the CN and VN response area. Figure 4 shows multi⁃
ple-site optical recordings simultaneously monitoring
the effects of the APV and CNQX in the VCN（Fig. 4A,
selected from 3 different recording sites）and the DCN
（Fig. 4B, selected from 4 different recording sites）in a
P1 mouse brainstem slice, and in the VN（ig. 4C, select⁃
ed from 3 different recording sites） from a P2 mouse
brainstem slice.
In the VCN, APV（100 μM）caused almost all slow
signals to decrease and also reduced the amplitude of
fast signals. Bath-application with CNQX（10 μM）fol⁃
lowing APV, however, had almost no effect on optical re⁃
sponses（Fig. 4A）. On the other hand, the effects of APV
and CNQX on optical response in the DCN were vari⁃
able and complex（Fig. 4B）. Addition of both APV and
CNQX decreased optical responses in the DCN. Fig. 4B
shows four different sites in the DCN with differing sen⁃
sitivities to APV and CNQX, respectively. In some sites
in the DCN, sensitivity to APV was dominant while sen⁃
sitivity to CNQX was minor. However, in other sites in
the DCN, the sensitivity to CNQX was predominant
while the sensitivity to APV was minor. In the VN, both
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Fig. 5 Colored illustrations identify two APV- and CNQX-sensitive fractions in the newborn mice brainstem slices.
The green fraction is sensitive to APV while the red fraction is sensitive to CNQX. At the top, the effects of APV and
CNQX are shown from four different sites in the ventral cochlear nucleus（VCN）, dorsal cochlear nucleus（DCN）and
vestibular nucleus（VN）. At the bottom, the relative percentage of the slices sensitive to APV and CNQX are depicted
in a brainstem slice superimposed with the schematic of the positions of the real imaging areas.
APV and CNQX depressed optical responses（Fig. 4C）.
The slow signals were reduced by APV while the ampli⁃
tude of fast signals was reduced by CNQX.
The effects of APV and CNQX on optical responses in
the CN and VN were reversible. After slices were
washed out with normal ACSF, the responses partly re⁃
covered. The partial（rather than full）recovery is pre⁃
sumably because it is difficult to wash out the drugs
completely given the thick slices used.
Different distribution of glutamate-receptor medi⁃
ated synaptic transmission in the VCN, DCN and
VN
The colored illustrations（Fig. 5） identify two of the
NMDA and non-NMDA receptor antagonist sensitive
fractions of the slices. The green-colored areas were
sensitive to APV and the red-colored areas were sensi⁃
tive to CNQX. The areas of the green and red fractions
were measured and relative percentages of responses
were calculated as the area mean ± S.D. The percentage
of the fractions that were sensitive to APV was 99.1 ±
0.02 %（n = 18 elements）in the VCN, 76.0 ± 19.2%（n =
46 elements）in the DCN and 64.9 ± 9.1%（n = 18 ele⁃
ments）in the VN. The percentage of the fractions sensi⁃
tive to CNQX was 0.90 ± 0.02% in the VCN, 24.0 ±
19.2% in the DCN and 35.1 ± 9.1% in the VN. Our data
also showed that the percentage of the APV-sensitive ar⁃
ea ranged from 92.8 to 100% in the VCN, from 0 to
99.5% in the DCN and from 50 to 84.2% in the VN.
The percentage of area affected by CNQX ranged from 0
to 7.2 % in the VCN, from 0 to 99.5 % in the DCN and
from 15.8 to 50 % in the VN.
Our results indicate that the effect of APV was pre⁃
dominant in the VCN, while both APV and CNQX de⁃
creased the optical responses in the DCN. The distribu⁃
tion of the effects of APV and CNQX in the DCN was
highly complex and variable. In the VN, however, the
distribution was quite uniform. Both APV and CNQX al⁃
tered the optical response in VN, but the percentage of
APV-sensitive areas was higher than those sensitive to
CNQX.
To map regional distribution of the effects of APV and
CNQX in the DCN, we compared locations of the APV-
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Fig. 6 Regional distribution maps of the effects of APV and
CNQX in the dorsal cochlear nucleus. Each grid corresponds to
one element of the photodiode array, and the shading represents
the percentage of fractions that are NMDA antagonist sensitive
and non-NMDA antagonist sensitive, respectively. In these two
maps, the gray level represents the percentages of the fractions.
and CNQX-sensitive areas（Fig. 6）. Data from four
brainstem slices of P1-3 newborn mice were averaged.
In these two maps, the amplitude fractions are represent⁃
ed in grayscales. Fig. 6 shows that the effect of CNQX
was localized to the superficial layer of DCN, and gradu⁃
ally decreased towards the deep layer. Correspondingly,
distribution of the APV-sensitive area was located in a
graded manner in the deep layers of the DCN, and then
gradually decreased towards the superficial layer of the
DCN.
3 Discussion
Optical responses in CN and VN
Using optical imaging, we have shown spatiotemporal
patterns of excitatory propagation in the CN and VN
evoked by vestibulocochlear nerve stimulation. When
evaluating our results, we would like to consider five ma⁃
jor points:
Firstly, the vestibulocochlear nerve bundle contains
both auditory and vestibular nerve fibers. It is a formida⁃
ble task to separate auditory and vestibular nerve fibers
surgically because the nerve fibers are very thin and
fragile in postnatal mice younger than 3 days old. How⁃
ever, excitation in the CN and VN, respectively, can be
identified in our experiments using our optical recording
method. Thus, we were able to analyze the neural activi⁃
ty in the CN and VN separately.
Secondly, in this optical recording system each ele⁃
ment of the photodiode detects coherent optical signals
from many neurons and processes. As a result, the sig⁃
nal size is proportional to the magnitude of changes in
membrane potential in each element within the area
viewed by one photodiode.
Thirdly, stimulation onset and response peak laten⁃
cies from the optical responses in the CN and VN（Fig.
4）were considered so as to exclude propagation of stim⁃
ulation currents. In data gained from patch-clamp exper⁃
iments, however, latencies of onset and peak were con⁃
sidered to represent synaptic delay［１１］. There were differ⁃
ent features of onset and peak latency in the optical re⁃
sponses in the VCN, DCN and VN, which indicated that
both monosynaptic and polysynaptic neurotransmission
may contribute to optical signals.
Fourthly, the CN and VN response area most likely in⁃
cludes many neurons, nerve terminals and glial cells.
To examine whether or not the optical signals originate
from neuronal structures or glial cells, both RH155 and
RH482 were used. RH155 is reported to preferentially
stain glial cells while RH482 stains both neuronal and
glial cells［14］. Our data showed that responses observed
in brainstem slices stained by RH482 were similar to
those seen in slices stained by RH155. All these factors
provide evidence that the optical signal does not origi⁃
nate from glial cells in this study.
Lastly, evoked optical signals recorded in slice prepa⁃
rations stained with voltage-sensitive dye contain rich
information regarding many events occurring along the
slice-depth. In our studies, the optical responses from
the CN and VN consisted of two components: the
spike-like fast signal and the following long-duration
slow signal. The early（fast）component may reflect the
pre- and post-synaptic spikes, the fast EPSPs and IP⁃
SPs generated at both pre- and post-synaptic sites. The
late（slow）component may be due to the after-potential
of spikes, the delayed component of the EPSPs and IP⁃
SPs. In previous experiments［１９］, we observed that both
fast and slow signals were abolished by 20 μM TTX, a
specific sodium channel blocker. This indicates that re⁃
sponses evoked by electrical stimulation of the vestibulo⁃
cochlear nerve were mediated by sodium channels. The
slow signals were entirely and reversibly eliminated af⁃
ter bath application of Ca2+-free solution. Generally, low⁃
ering extracellular calcium ion concentration reduces
and blocks synaptic transmission. Dutia reported that
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application of low-Ca2 + solution to rat brainstem slices
in medial VN reduced synaptic transmission, presum⁃
ably by blocking pre-synaptic Ca2 + channels and thus
minimizing Ca2 +-dependent release of neurotransmitter
from pre-synaptic terminals［7］. Ho wever, our results
provide evidence that slow signals may correspond to
the post-synaptic potential. At the same time, whether
or not active inhibitory inter-neurons are present in the
preparation has yet to be clarified.
NMDA and non-NMDA receptor-mediated synap⁃
tic transmission in the VCN, DCN and VN
There is considerable evidence that both NMDA and
non-NMDA receptors mediate excitatory neurotransmis⁃
sion in the VCN and DCN［2, 3, 8, 9］. However the evidence
for non-NMDA receptor-mediated transmission is stron⁃
ger than that for NMDA receptors in the adult rat DCN.
Bellingham et al. reported that AMPA receptor subunit
composition is unlikely to undergo any developmental
change in the CN of rats from 4 to 22 days of age, while
the NMDA receptor subunit composition may be sub⁃
stantially altered during synaptic matur- ation［9］. Their
data are consistent with increasing efficacy in AMPA re⁃
ceptor-mediated synaptic transmission during develop⁃
ment, due to an increase in the underlying AMPA-medi⁃
ated quantal size and content concurrent with a transient
co-localization of NMDA receptors. Our optical record⁃
ing data provide further evidence that neuronal excita⁃
tion in the VCN may be predominantly mediated by
NMDA receptors while neuronal excitation in the DCN
may be mediated by both NMDA and non-NMDA recep⁃
tors.
Our optical recording data show that both NMDA and
non-NMDA receptors mediated synaptic neurotransmis⁃
sion, yet the NMDA receptor was dominant in the VN.
These seemingly discrepant results may be due to the va⁃
riety of recording methods employed by different stud⁃
ies. Another reason may be the use of different animals
of different ages. Thus, there are two ways to explain our
results regarding the roles of NMDA receptors. Firstly, it
is possible that NMDA receptors in the VN are active
during an early period of postnatal development and be⁃
come relatively inactive during maturation. A second
possibility is that NMDA receptors in the MVN may con⁃
tribute to the vestibular compensation process［7］.
Differential distribution of NMDA and non-NMDA
receptor-mediated neurotransmission in the DCN
The CN is divided into the DCN and VCN, and the
DCN is characterized by its layered structure. Our opti⁃
cal recording data show that the non-NMDA recep⁃
tor-mediated transmission is located in the superficial
layer of the DCN while the distribution of the NMDA re⁃
ceptor-mediated transmission is located progressively
in the deep layer of the DCN in P1-3 newborn mice.
There are morphologically differential distributions of
glutamate receptor subunits in different neuronal types
in the CN, especially in the DCN. Distribution of AMPA
receptor subunits has been reported to change drastical⁃
ly with age and the adult pattern of the distribution of
AMPA receptor subunits emerges gradually in the audi⁃
tory nuclei［４］. As similar AMPA receptors are present
during plasticity periods, neurons undergoing synaptic
and structural remodeling might have a particular need
for these receptors. In addition, the NMDA receptor is
believed to play a critical role in refining structural con⁃
nections based on correlations with neural activity［2, 6］.
Thus, the present optical recording data suggest that a
high density of NMDA receptor distribution in the deep
layer of DCN may be necessary to enable activity to
structurally modify connections.
The DCN is a major brain center for the integration of
auditory information, including tonotopic organization,
and excitatory amino acid neurotransmission plays a cen⁃
tral role in the processing of this information. The tono⁃
topic organization of the DCN has been explored using
2-dexyglucose uptake and electrophysiological recording
techniques in adult mammals［2］. The ordered arrange⁃
ment of low-to-high tones from ventrolateral to dorsome⁃
dial regions in the coronal plane, and from lateral to cen⁃
tral regions on the dorsal surface, represent tonal ranges
of 1-60 kHz and 3-30 kHz, respecti－ vely［１］. It
is well known that sensory input is not required for the
initial formation of basic topographic projection during
the development of visual pathways. It is thus conceiv⁃
able that the differential distribution of NMDA- and
non-NMDA-receptor mediated transmission during the
first three postnatal days may reflect the initial tonotopic
organization in the DCN.
The effects of APV（NMDA receptor antagonist）and
CNQX（non-NMDA receptor antagonist）on optical re⁃
sponses evoked by the electrical stimulation of vestibulo⁃
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cochlear nerve lead us to conclude the following: (1) Syn⁃
aptic transmission in CN and VN evoked by vestibuloco⁃
chlear nerve electrical stimulation is mediated mainly
by NMDA receptors in P1-3 newborn mouse brainstem;
(2) A differential distribution of NMDA and non-NMDA
receptor mediated neurotransmission is present in the
VCN, DCN and VN. Neuronal excitation in the VCN is
predominantly mediated by NMDA receptors while both
NMDA and non-NMDA receptors mediate neuronal ex⁃
citation in the DCN and VN; and (3) Distribution of
NMDA and non-NMDA receptor mediated neurotrans⁃
mission in the DCN is largely separated, with
non-NMDA receptor-mediated transmission being lo⁃
cated in the superficial layer of the DCN while distribu⁃
tion of NMDA receptor mediated transmission progres⁃
sively in the deep layers of the DCN. This data provide
further evidence of the spatiotemporal aspects of neuro⁃
nal activation in the CN and VN in the neonatal mouse.
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